Abstract : The waterchestnut (Trapa natans var. japonica Nakai) has been dominating the entire in Lake North Inbanuma, Chiba Prefecture, Japan. In order to investigate the seasonal variation of its surface coverage area, photographic recording of surface areas occupied by waterchestnuts in ten quadrats carried out from a boat every two weeks over a period of two years. In addition, the waterchestnuts were sampled to determine the dry weight of each part of them.
Introduction
The Chiba Prefectural Laboratory of Water
Pollutionl' summarized the results of comprehen sive studies on the change of ecology in Lake Inbanuma. Some results useful as a background for the present studies are briefly described below.
Eutrophication of the water in the Lake North Inbanuma has progressed rapidly in the last 25 to 30
years. This is ascribed to the recent intensive indus-shallow (<3m). As a result of eutrophication, the ecology of the Lake has greatly changed. For example, the change in the dominant species of aquatic plant in summer has been outstanding ; aquatic plants such as reed (Phragmites australia W. Clayton), cat-tail (Typha latifolia L.) and vegetable wildrice (Zinzania latifolic Turcz) were the dominant species in the coastal region of the Lake, but they have been replaced, year by year, by the waterchestnut (Trapa natans var. japonica , Nakai)
which is active in eutrophic water. The growth form of the waterchestnuts is depicted in Fig. 1 . At the initial stage of infestation (around 1965) , the waterchestnut distribution was restricted to the coastal zones. Recently, however, they have occupied larger areas toward the center of the lake . In fact, the waterchestnut leaves have occupied the lake surface even in the center of the Lake during the summer season for the past ten years, such that they have even caused serious damage to the navigation of fishing boats. This recent situation is demonstrated in Fig. 2 As shown in Fig. 4 , a bimodal seasonal variation of the leaf coverage areas was observed. The waterchestnut begins to grow at the beginning of May. At the end of May, when the main stalk first reaches the lake surface, the coverage area in a quadrats is about 25%. The coverage areas increases quickly towards the first peak with 80% at the end of June.
After attaining a peak, an increase in the number of withered leaves results in a decrease of the coverage area ; at the end of July, the coverage areas decreases to a minimum of 60%. Then, the coverage area again increases gradually and attains a second peak at the beginning of September. In this case, the coverage is about 90% indicating a slightly larger value than that for the first peak that occurred at the end of June. The coverage level of about 80% is kept for a month, followed by an abrupt decrease at the beginning of October.
The seasonal variation of rosette density is also shown in Fig. 4 . A similar pattern of variation to that for the coverage of infestation areas is kept until the end of July. However, the second peak in rosette density appears earlier, in the middle of August, than that in the coverage areas. Fig. 5 . LAI/(coverage area) is an indicator for the piling of leaves which refers to the number of a hypothetic layers having equal coverage area to that at the surface. Since the LAI/(coverage area) is 2.7 during the peak period, it follows that a nearly triple layer, which has an equal coverage area density at the surface, is formed in the water column during this peak period. decrease, reaching a minimum of the end of July.
Then, they gradually recover, followed by the second peak of the end of September. Flowering begins of the end of August and the seeds are formed from September. In the middle of October, the seed share exceeds 40% of the total biomass. At the same time, the total biomass is 320g/m2 , the maximum attains during the year. Accordingly, a large amount of photosynthetic products are stored in the seeds just after the other components attain the second peak at the end of September. Thus the annual variation of the waterchestnut coverage area, as well as in the biomass of each component in ten selected quadrats has been obtained experimentally. However, the total infestation areas and biomass over the whole Lake is still unknown.The seasonal trend of the waterchestnut cycle obtained in the ten quadrats in the present study is probably similar to that in other parts of the Lake. However,even if a similar variation is accepted all over the Lake, the total biomass for the whole Lake is still unknown since little quantitative information above the spatial distribution of the waterchestnut infestation area is available. (Total area of North Lake Inbanuma: 504 ha) In autumn, all parts of the waterchestnut except the seeds are resolved into particulate or dissolved matter. Some fraction is stored in the lake and some flows out of the lake through rivers. As far as only these processes are taken into consideration, the amount of materials in the lake might decrease.
However, larger amount of materials actually flow into the lake from rivers so that the lake water becomes richer in nutrients every year. This can explain the rapid increase in waterchestnut infestation. In fact, a large amount of material flow into the lake via rivers is reported (The Chiba Prefec- possible. An approach to retrieving the density in each pixel may be obtainable by introducing of the linear mixing model. This algorithm and its application to the waterchestnuts in the Lake is presented and discussed by Ishiyama and Sugihara8).
Conclusion
1) The seasonal variation of the surface waterchestnut leaf coverage area in lake North Inbanuma was photographed every two weeks in ten quadrats selected on the lake.
2) At the same time, the number and surface area of blades of waterchestnuts plucked by the roots were measured to evaluate the total blade area.
3) The dry weight of six components of the waterchestnut ; blade, petiole, roots above and below the bottom, and seed (all of which were separated from the samples) was determined gravimetrically.
4) The seasonal variation of waterchestnut coverage area appears to be bimodal with peaks both at the end of June and at the beginning of September.
5) The horizontal distribution of waterchestnuts over the whole Lake was mapped on the basis of Landsat TM data.
6) Total biomass in the whole Lake is estimated from remotely sensed infestation areas along with directly determined coverage areas and the dry weight of waterchestnuts. 
